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Abstract

The present study was conducted to determine the wastewater quality index and to study statistical interrelationships amongst
different parameters. The equation was devel oped to predict BOD and WWQI. A number of water quality physicochemical parameters
were estimated quantitatively in wastewater samples following methods and procedures as per governing authority guidelines.
Wastewater Quality Index (WWQI) isregarded as one of the most effective way to communi cate wastewater quality in a collective way
regarding wastewater quality parameters. The WWQI of wastewater samples was calculated with fuzzy MCDM methodology. The
wastewater quality index for treated wastewater was evaluated considering eight parameter s subscribed by Gujarat Pollution control
Board (GPCB), a governing authority for environmental monitoring in Gujarat Sate, India. Considerable uncertainties are involved
in the process of defining the treated wastewater quality for specific usage, likeirrigation, reuse, etc.

The paper presents modeling of cognitive uncertainty in the field data, while dealing with these systems recourse to fuzzy logic. Also a
statistical study is done to identify the main affecting variables to the WWQI. The Statistical Regression Analysis has been found to be
highly useful tool for correlating different parameters. Correlation Analysis of the data suggests that TDS, SS, BOD, COD, 0&G and
Cl are significantly correlated with WWQI and DO of wastewater. The estimated BOD from independent variance DO for maximum,
minimum and average is 25.35 mg/L, 2.65 mg/L and 13.56 mg/L respectively. While estimated WAWWQI from independent variance DO
for maximum, minimum and average is 0.6212, 0.3074 and 0.4581 respectively. Out of eight parameters, TDS-BOD, TDS-COD, TDS
Cl, SSBOD, SS-COD, and BOD-COD are significantly correlated. Present study shows that WWQI is influenced by BOD, COD, SS
and TDS

Keywords: Wastewater quality, Uncertainty, fuzzy set theory, correlation, Regression.

1. INTRODUCTION summarizes large amounts of water quality data gmaple
terms (e.g., excellent, good, bad, etc.) for repgrtto
management and the public in a consistent mannatiols
researchers have considered similar approache$ whicight
changes to the methodology depending on the usade a
parameters under consideration. Prati et al. (18@h¥idered
13 different parameters of equal weight in theisteyn. And
water quality index that is able to rapidly asse$®ther an
effluent—properly polished—is adequate for agrigrdt or
recreational purposes could be of great help toagars and

As urban and industrial development increasesqtiaity of
waste generated also increases (Mohmmed, 20063h&ige
of untreated waste in to surface waters, suchvassrilacks
and seas, determine the contamination of watershdonan
purposes (Gabrieli et al., 1997). The treatmen¢abjes were
concerned with the removal of suspended floataldéeral,
the treatment of biodegradable organics and elitiwnaof
pathogenic organisms ( Jamrah, 1999). So the wastewer

sewage treatment is one such alternative, wherenamy decision makers in water resources planning as aslfor

processes are designed and operated in order tp thap comparing different wastewater treatment sequences
natural treatment process to reduce contaminadttima level (Verlicchi et al., 2012).

that environment can hold ( Ravi kumar, 2010). @I is
presenting a cumulatively derived numerical expogss
defining a certain level of water quality (Bordel2D06).
Water quality indices aim at giving a single vataghe water
quality of a source reducing great amount of patarsento a
simpler expression and enabling easy interpretatain
monitoring data (Bharti, 2011). In other words, WQI

Also there is a need to define one common paranetérh
could determine the overall efficiency of plant terms of
physical, biochemical and microbiological removal
efficiencies (Jamwal 2009). A new fuzzy approadtidated by
Zadeh 1965, has been adopted. i.e. Wastewatert@lraliex
(WWQI), which represent the wastewater quality ennts of
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numeric i.e. 0 to 1. Developing the WWQI on theeliof WQI
is expected to be more practical in implementation car
become effective decision making tdor authority

The Multi Criteria Decision Making (MCDM) method
applied to determine the WWQI at Surat WWTP,
maximum, minimum and average values for WWQI w
found out, which are 0.6284, 0.2835 and 0.4433aesgely
Once, WWQI was calculatetthe correlation between WW(
and all the parameters was calculated. Factor ArglfFA)
was adopted to assist the interpretation of eleahedats
(Akobundu 2007). So, an attempt has been madéntbout
the solution of this problem by developiwwQIl and
computing correlation and regression equatitmsasses:
the wastewater quality of an treated wastewateherbasis o
few parameters.

For this SPSS tool was used. From this analysisanpeter:
significantly affecting WWQI were foundut (TDS, COD,
and DO etc.). At last, considering significant paeters, ¢
regression equation was developed using £

This equation was used to calculate WWQI once a
Finally, the results obtained from both MCDM methaxld
further the regression equations werempared and tr
regression equation was developed to estimate W\AfQl
BOD from measured value of DO.

2. WATER QUALITY INDEX BY MCDM
METHOD

Due to fluctuations in organic and hydraulic loadim a
wastewater treatment plant, the applicatiof fuzzy logic,
using linguistic variables gave a better descriptiof
performance parameters. The number of criteria uiti-
criteria decision making is virtually assumed to fiate
(Evangelos,2000 and Kilir,1998). Balteiro and Rom@@04)
utilized a sustainability aggregating model in searchnaiex
to natural systems sustainability. Chen et al. 20Qdtilized
fuzzy MCDM approach and fuzzy AHP for selecting thesst
environment-watershed plan in Taiwan.

2.1 Multi Criteria Decison Making (MCDM)
approach for Deter mination of the WWQI

The approach for the evaluating WWQI of treatedtesxaater
is based on somewhat analogous to the procedugesieg
by Singh and Ton@2005). The chart portrays an overview
the fuzzy decision framework for evaluating the MPwhich
is self-explanatory Figure The first step is identification «
environmental experts.

Evaluation of Pollution Criteria

¥

Define Types of Flizzy Nos. / Fuzzy Sets

Define Scale of Pref| erencle and Membership Function
¥

Rating the Preference of Attribute on Decision Criteria (fuzzy

v

Fuzzy Aggregation of Scores

¥
‘ Defuzzification of Scores, x and Normalization
)
Fuzzification and CrispScore of STP Data

Y
Total Score and Weightage to Criteria

L
hJ

Overall Score (MPAI)

Fig 1:Step Involved in a MCDM ModAssignimportance
weightage to the sub criteria of wastewe

Weight for each of the sub criterion is developey
normalized weight method by consulting the envirental
experts. In the present study, five fuzzy numbeessalecte:
to describe the level of performance orcision criteria in
evaluation of MPAI. Five linguistic variables arsed becaus
it is convenient for an expert to distinguish suhjeely
between them.

The approach for developing MPAI was based on gtreof

different parameters is somewhat analo to the procedure
suggested by Singh and Tong (2005). Linguistic ala€s

assigned for the study were five; Highly SignificgitlS),

Significant (S), Average Significant (AV), Low Siijicant

(LS), and Not Significant (NS).Each were definedhwiour

fuzzy numbers average of the numbers assigned by &

presented in Table below.

Table 1:Fuzzy numbers associated with the correspon
Linguistic Variables.

Linguistic variable
Highly Significant (HS
Significant (S)
Average Significant(AS
Low Significant (LS
Not Significant (NS

Fuzzy Number

(0.7,0.8,0.9,1.0)
(0.5,0.6,0.7,0.8)
(0.3,0.40.5,0.6)
(0.1,0.2,0.3,0.4)
(0.0,0.0,0.1,0.2)

The graphical presentation of fuzzy numbers forlithguistic
variables used by seven environmental expertdevelop
weightage for each criterion is shown in Fi¢2.
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Fig 2: Graphical representation of trapezoidal membership
function

The weightage factors are computed for eight sutera
(parameters) of wastewater for raw and treatedemager. On
the basis of the experts’ opinion (linguistic vaig or
perception, a fuzzy decision matrix for the subteci@ of
wastewater is computed.

Weights are evaluated using the equation givenwaelthe
average fuzzy numbers for all the environmental eetsp
opinion can be expressed as

AKij = (1/p)(a]f1 + aly + al§ + - ...+ ak)forj
=12 .... P €Y

Where akij be the fuzzy number (weight) assignedato
alternative Ai by DM;j (Decision Maker i) for the dsion
criteria Ck and p is the number of environment etgpe
involved in the evaluation process. The linguisticiables as
assigned by the experts are converted to fuzzy ewnbsed
in the above expressions through Figure. Now, #faztified
values for the sub-criteria are obtained by theagquo below;
(Kaufmann; 1991).

e =X1 +X2 +X3+X4/4 )

The normalized weight for each sub criterion of ramwd
treated wastewater is obtained by dividing the es@f each

sub criterion P” ) by the total of all sub-criterionzCij ).

The next step is to convert the parametric valdesaw and
treated wastewater to the fuzzy numbers (membership
functions) based on the specified statutory noritdsing
simple additive weighing method (Hwang and Yoon81)9

the overall score (OS) in terms of MPAI for raw aneated
wastewater criteria can be calculated wusing folimwi
equation.

0S=> (x,Ow(c,))for k = 12..n -

Whereyv(ck) =weight (importance value) of the sub criterion
k and

k = crisp score (defuzzified value) of treated dagainst
the sub criterion k.

2.2Stagtical Analysis

To evaluate wastewater quality from a large nundfeample
each having number of parameters is difficult. fialgze the
water quality, different approaches like statidtigaalysis of
individual parameter, multi- stressor water quailitgtices ect.
have been considered (Venkatesha, 2010). Statisticdysis
are generally used to identify the calculated WWiQI
appropriate or not. For this purpose Correlatioralfsis and
Multiple Linear Regression analysis were performed.

Correlation Analysis: Correlation is a measure efree of
linear relationship between two variables. It egpes the
extent to which two variables vary together in safimections
or opposite directions. Correlation coefficientsvea the
magnitude and direction of the relationships. Arelation has
value ranging from -1 to 1.Values that are closerthe
absolute value 1 indicate that there is a strorgitige linear
relationship between the variables being correlatdtereas
values closer to O indicate that there is no liretationship
between two variables under study. Below table @wshthe
correlation between different parameters, which apglied to
evaluate WWQI for treated wastewater. Correlatietwieen
different parameters was found out by Florencet RI(2010)
for Water Quality Index and Correlation Study at
YercaudTaluk, Salem, Tamil Nadu, India. Also, ctatien
analysis for lower Maniar Reservoir was carried dyt
Thirupathaiah M. et. Al.(2012)

Multiple Linear Regression Analysis: It is one dfetvery
important statistical tools which are used in alh@dkfields of
sciences. According to Rastogi, 2011, the Statiktic
Regression Analysis has been found to be highlyuliseol
for correlating different parameters. This has wldf
advantages. First with the help of correlation gsialit is easy
to find out interrelationship between different aeters and
also the main parameters affecting the WWQI caredsly
figured out. Later with the help of the regressieguation
WWQI was calculated again and the degree of masch i
checked. With help of this one can easily elimintgdious
laboratory work of determining all parameters aad carry
out its work only with the parameters that are gigantly
correlated in the regression equation. In regressioalysis
there are two types of variables. The variable whesue is
influenced is called dependent variable and theakbes
which influence the dependent variable are callqramatory
(regressors) variables. And the model equation is:

Y= B0 +B1LX1 + P2 X2 +B3X3 + B4 X4 +p5X5 +p6 X6 +
B7X7+p8X8 + e (4)

This model should be free from (as assumptionsppfying
this criteria), Multicolinearity (regressors are rebated),
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Heteroscedasticity (error variance is nonconstamyl Auto-
correlation (error terms are correlated).

In this study WWQI is considered as dependent tiand
parameters are considered as explanatory varia®lesini et
al(2009) have successfully applied multiple lineegression
for Evaluation of ground water quality. Rene et(24108) has
also applied regression equation for predictiowater quality
indices.

3. MATERIALS& METHODOL OGY
3.1 Site Sdlection

As the study is concerned with the development &¥Y®I for
the treated wastewaters. All the samples were ateliiefrom
Anjana Treatment Plant located in Surat city itsélfi the
samples were collected at fix time i.e. at 1 PM.180 PM for
a time period of 1 year.

3.2 Sampling Procedure

For sampling, the procedure described in Standaethiwls
and 1S 3025 was adopted. DO fixation was performethe
location itself by adding Manganese Sulfate andaliie Kl

solution. For other physico — chemical parametsemples
were collected in 1 liter plastic bottles. Samplese collected

in container rinsed with detergents, nitric acidl dinally with
distilled water. These plastic bottles were plaiceite box to
maintain the temperature during travelling period$
sampling.

3.3 Sample Analysis

The collected water samples are analyzed for digffgrent
parameters including Temperature, Total dissolvetds
(TDS), Suspended solids (SS), Biochemical demar@D(B
Chemical oxygen demand (COD), Oil and grease (Ogi&),
and Chlorides (CI). All the analyses are carrietl asiper the
guidelines provided in Standard Methods and IS: 5302
(1964).Temperature, DO and pH were measured atrttenf
sample collation.

4 RESULTSAND DISCUSSION

Constant monitoring of all the parameters descrinePCB
was carried out weekly throughout the year 2011limar,

minimum and average values of the analyzed data is
summarized in Table 2. As the treated wastewates wa

chlorinated before discharge the FC and FS aretednits the
wastewater was chlorinated before final dischargéoiriver
Tapi. Out of measured nine parameters total eigtarpeters,
except DO were considered to develop WWQI (Table3).

Table 2Minimum, maximum and average Data at Anjana STP

Parameters Temp. TDS | ss | BOoD | cop 0&G cl pH DO
Treated Wastewater
Discharge Limits 40 2100 100 30 100 10 600 6.5-8.5 -
Max 33.80 | 792.00 40.00 23.00 128.00 0.80 360.00 8.05 | 0.74
Min 2450 | 634.00 6.00 5.00 32.00 0.10 280.00 7.49 | 5.34
Average 28.90 | 732.07 22.14 12.28 67.81 0.41 317.93 7.70 | 3.13
Weights 0.108 0.117 0.141 0.166 0.154 0.08 0.141 0.092 -
Member ship Grade X
Max 0.8450 0.3771 0.4000 0.7667 1.0000 0.0800 0.6000 6990.
Min 0.6125 0.3019 0.0600 0.1667 0.3200 0.0100 0.4667 3268.
Average 0.7225 0.3486 0.2214 0.4093 0.6781 0.0410 0.5299 4668.

Note: Except Temperature and pH all parametersarein mg/L

Table 3 Minimum, maximum and average values for WWQI by MZnethod and regression equation

Data WWQI by MCDM WWQI by regression equation (With 6 WWQI by regression equation (With 5
paramters) parameters)

M ax 0.6284 0.5711 0.6172

Min 0.2835 0.2992 0.3059

Average 0.4433 0.4241 0.4465

Then with the help of Pearson Correlation (Table 4)

statistically significantly correlated variablesneédentified.
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Table 4 Pearson Correlation Coefficients showing relaietween all the parameters

Temp TDS SS BOD COoD 0&G cl pH DO WWQI
Temp 1
TDS 989" 1
S -522" | -513 1
BOD -945" | -953" 584" 1
CoD 862" 887" -245" | -.806 1
oG -985 | -.996" 524" .955™ -.887" 1
Cl 991" 997" -509" | -.947" .885" -.991" 1
pH -887" | -.897" 517 970" - 797 895" -.893" 1
DO -985" | -.996" 522" 958" -.888" 1.000" | -9917 | .899" 1
WWQI .056 287" 720" 920" 893" .089 3217 194 | -.984" 1

SS, BOD, COD, Chloride and DO as 0.456, 0.0000103,
0.000451, 0.002448, 0.000530, 0.000128, and -0.0412
respectively. These coefficients were replaced wikie
coefficients of equation 4 and Y predicted is pnésé in
equation 2. Table 6 shows that the model fit with596 of
accuracy.

Out of eight parameters, Out of eight parameteBS-ES,
TDS-BOD, TDS-COD, TDS-OG, TDS-pH, TDS-DO, SS-
BOD, SS-COD, SS-0G, SS-Cl, SS-pH, SS-DO, BOD-COD,
BOD-OG, BOD-CI, BOD-pH, BOD-DO, COD-0OG, COD-ClI,
COD-pH, COD-DO, 0OG-ClI, OG-pH, OG-DO, ClI-pH, CI-DO,
pH-DO are found to be significantly correlated wétch other
(Table 4). Also it was found that WWQI is signifitsy
correlated with TDS, SS, BOD, COD, Cl and DO which
means that out of these nine parameters, only &ianpeters
are responsible for the deviation or change invaleies of
WWQI. Now as our main motive is to check the WW®I i
correctly drawn or not, we go for regression. Froable 5,
unstandardized coefficients for the equation constaDS,

Y Estimated = 0.456 + 0.0000103 X1+ 0.000451 X2 +
0.002448 X3 + 0.000530 X4 + 0.000128 X5 - 0.0412 X6

Where Y= WWQI, X1=TDS, X2=SS, X3=BOD, X4 =
COD, X5 =Cl, and X6 = DO

Table 5: Coefficients for regression analysis (Model 1)

Coefficients Standard Error t Sat Sgnificance

Constant 0.456091134 0.029309116 15.56140879 666526
TDS 1.03817E-05 3.97293E-05 0.261309917 0.794525072
SS 0.000451482 0.000158837 2.842434083 0.005679048
BOD 0.002448483 0.000387202 6.323524967 1.36726E-08
COD 0.000530319 7.9732E-05 6.651263435 3.29148E-09
Cl 0.000128486 6.10444E-05 2.104788562 0.038448341

DO -0.041153394 0.003067748 -13.41485266 3.58124E-2
Table 6: Model Summary (Model 1)
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson

1 .993 .986 .985 .00642 1.937
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Table 7: ANOVA (Model 1)

Model Sum of Squares df Mean Square F Sig.

Regression .240 6 .040 972.248 .000
1 Residual .003 80 .000

Total 244 86

This model is fitted significantly as F= 972.248g(F: 0.000)
(Table 7), also root mean square error (RMSE) 09@. This
model is not having problem of auto correlationCagbin-
Watson test statistic is 1.937 which is nearer (@dble 6).

As TDS was found to be correlated significantlyhmihost of

the other parameters, TDS was neglected and admEn t

regression analysis was executed in order to dpvalmew
equation. So TDS is dropped and re calculated tkiéQvand

again fitted the regression model, and got the esgon
equation as follows with 98.2% of accuracy (Table 9

Y estimaed® 0.4595 + 0.000457 % 0.002464 X+ 0.000527
X3+ 0.000141%-0.0412% (Table 8) (6)

Where Y= WWQI after dropping TDS, XSS, X%=BOD,
X3=COD, X, = Cl, and %=DO

Table 8: Coefficients for Regression Analysis (b)

Coefficients Standard Error t Stat P-value
Constant 0.459523038 0.026050707 17.63956079 1.79428E-29
SS 0.000456715 0.00015666 2.915317416 0.004593801
BOD 0.002464727 0.000379976 6.486540962 6.48043E-09
COD 0.000527356 7.84664E-05 6.720784388 2.32032E-09
Cl 0.000140821 3.84823E-05 3.659358498 0.000448766
DO -0.041114604 0.003046481 -13.49576953 1.99668E-22
Table 9: Model Summary (b)
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson
1 .993 .986 .986 .00638 1.954
Table 10: ANOVA (b)
Model Sum of Squares df Mean Square F Sig.
Regression .240 5 .048 1180.260 .000
2 Residual .003 81 .000
Total 244 86

This model is fitted significantly as F= 1180.260-v@alue:
0.000) (Table 10), also root mean square error (RMiS
0.000. Each parameter has significant effect on W\U@ble
8). This model is not having problem of auto catiein as
Durbin-Watson test statistic is 1.954 which is eeato 2
(Table 9).

Now DO depends on the strength of wastewater i.&/QM
As the value of WWQI is close to 1, poor is the lgyeof
treated wastewater and measured DO will be lesgiamtity
and for the WWQI nearer to zero , quality of wasitsw is
very good for reuse and the DO will be more. Ineortb
predict BOD, regression equation can be fitted vVidBD as

explanatory variable and DO as dependent vari&akowing
equation was developed to calculate BOD.

Y Estimated = 29.182 + 0.951 X1+e (Table 11)
............... ©)

Where Y=BOD, X1= DO and e is error term.This mouel
fitted significantly as F= 356.781 (p-value: 0.0@0rble 13),
also root mean square error (RMSE) is 0.000 witlo@g6of
accuracy (Table 12).
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Table 11: Coefficients for Regression Analysis (c)

Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
1 (Constant) 29.182 .951 30.698 .000
DO -4.966- 273 -.892- -18.203- .000
Table 12: Model Summary (c)
Model R R Square Adjusted R Square Std. Error of the Estimate
3 .985(a) .969 .969 4.18460
Table 13: ANOVA (c)
Model Sum of Squares df Mean Square F Sig.
1 |Regression 1237.090 1 1237.090 356.781 .000
Residual 294.726 85 3.467
Total 1531.816 86

a. Predictors: (Constant), DO
b. Dependent Variable: BOD

This model is fitted significantly as F= 2800.788value:
0.000) (Table 16), also root mean square error (RMiS
0.000 with 97.1 % of accuracy (Table 15).

Similarly the WWQI can be estimated from regression
equation fitted with WWQI as explanatory variabteldDO as
dependent variable. Following equation was devalope
calculate WWQI.

Y Estimated = 0.672 - 0.068 X1+e (Table 14)

Where Y=WWQI, X1= DO and e is error term.

Table 14: Coefficients for Regression Analysis (d)

Unstandardized Coefficients Standardized Coefficients .
Model t Sig.
B Std. Error Beta
1 (Constant) 672 .004 150.041 .000
DO -.068 .001 -.985- -52.922- .000

a. Dependent Va

riable: WWQI

Table 15: Model Summary (d)

Model| R R Square| Adjusted R Square Std. Error of the Estimate R Square Change| Durbin-Watson
1 .985 971 .970 .0091875 971 1.608
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Table 16: ANOVA (c)

Model Sum of Squares df Mean Square F Sig.
Regression .236 1 .236 2800.788 .000
1 Residual .007 85 .000
Total 244 86

a. Predictors: (Constant), DO
b. Dependent Variable: WWQI

The graphical comparison for WWQI developed by MCDM

Method and both regression equations is shownguarEi3. and it almost matches without TDS.
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Fig 3 Comparison in WWQI calculated by MCDM method awd regression equations

The Figure 3shows that the result slightly deviatéh TDS

Figure 4 shows the comparison between BOD and BOD Comparisonbetween WWQIland WWQI Estimated.
Estimated from regression equation and Figure Wvshibe
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Figure 4 shows the comparison between BOD and BOD Estimated
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Fig 5 shows the comparison between WWQI and WW.Qlated.

CONCLUSIONS

First WWQI was found and later the correlation fire
interrelation between different parameters and ttairelation
with WWQI was determined with help of SPSS. Froris th
analysis WWQI is significantly correlated with TDSS,
BOD, COD, Cl and DO which means that out of thege n
parameters, only Six parameters are responsible ther
deviation or change in the values of WWQI. Alsavés found
that TDS, SS, BOD, COD, Cl and DO were significantl
correlated with WWQI at 0.01 Level.

When 6 parameters were considered and regressigatieaq
was developed, it was found nearly 98.2 % accurate.

Y Estimated =
0.002448 X3 + 0.000530 X4 + 0.000128 X5 - 0.0X62.

It has the standard error of 0.00642. Now, asstR&quare >
.75, the equation is acceptable and can be apiliddtermine
WWQI instead of performing whole tedious procedafe
MCDM Method.

Further omitting TDS and considering five parametand
developed regression equation it was found 98.@&tidg with
the original WWQI. The equation was like:

Y Estimated =
0.000527 X3 + 0.000141 X4 - 0.0412X5.

It has the standard error of 0.969. Now, as it RéSquare >
.75, this equation is also acceptable and can Ipdedpto
determine  WWQI instead of performing whole tedious
procedure of MCDM Method. But, as accuracy increasdy

0.456 + 0.0000103 X1+ 0.000451 X2 +

0.4595 + 0.000457 X1+ 0.002464 X2 +

about 0.04%, we can neglect determination of T8 alhich
may result in considerable time saving and reduce
complications in determination of WWQI.

The estimated BOD from independent variance DO for
maximum, minimum and average is 25.35 mg/L, 2.65Lmg
and 13.56 mg/L respectively. While estimated WWint
independent variance DO for maximum, minimum and
average is 0.6212, 0.3074 and 0.4581 respectively.

Hence, instead of analyzing all 9 parameters (m#glg FC

and FS) only 6 or 5 parameters can provide reswith
sufficient accuracy around 98-99 %. This eliminategdious
procedure of determining and testing each and every
parameter which ultimately results in consideradigount of
time, chemicals and money savings. Also higher @agu
eliminates any chances of deviation form originalW\YI
expect shock loadings.
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